Two strains of Rhodotorula and one of Trichosporon precipitated dissolved copper with H2S formed by reducing elemental sulfur with glucose. Iron stimulated this activity under certain conditions. In the case of Rhodotorula strain L, iron stimulated copper precipitation aerobically at a copper concentration of 18 but not 180 ,g/ml. Anaerobically, the L strain required iron for precipitation of copper from a medium with 180 ,ug of copper per ml. Rhodotorula strain L was able to precipitate about five times as much copper anaerobically as aerobically. The precipitated copper was identified as copper sulfide, but its exact composition could not be ascertained. Iron was not precipitated by the H2S formed by any of the yeasts. Added as ferric iron, it was able to redissolve copper sulfide formed aerobically by Rhodotorula strain L from 18 but not 180 ug of copper per ml of medium. Since the yeasts were derived from acid mine-waters, their ability to precipitate copper may be of geomicrobial importance.
The presence of yeasts and other fungi in acid mine-waters has been reported by workers from various parts of the world (6) . The consensus has been that the life processes of these organisms are not important in influencing the transformation of mineral sulfides. Marchlewitz 6 ; KCI, 0.2; K2HPO4, 1.0; MgSO4 7H20, 1.0; and Ca(NO3)2, 0.02; the pH was adjusted to 3.5. Of this solution, 25 ml was added to each of a series of 250-ml Erlenmeyer flasks, each of which contained 1 g of precipitated sulfur. The contents of these flasks were then sterilized by tyndallization. After sterilization, each flask received 25 ml of a sterile 20% glucose solution and 1 ml of sterile 0.24% anhydrous CUSO4 solution. Some flasks also received 0.96% sterile FeNH4(SO4)2 12H20 solution; those which did not received 1 ml of sterile distilled water instead. The inoculum consisted of 1 ml of washed yeast cells prepared as given below. Uninoculated flasks received 1 ml of sterile mineral solution in place of the inoculum.
Inoculum preparation. Inocula for all experiments were grown in 20 ml of iron-free 9K medium (7) containing 1% glucose at an initial pH of 3.5. Cells were harvested by centrifugation after 2 to 4 days of incubation at 30 C and were resuspended in glucose-free mineral solution. Some of the sulfur particles in flasks in which copper was precipitated developed a blackish coating, and a dark brown-black sediment accumulated at the bottom of the flasks. Phasecontrast microscopy showed no evidence of dark precipitate inside yeast cells from flasks with precipitated copper.
The changes in pH of the medium during growth, noted in Table 1 , were indicative of yeast activity. Values for pH as low as 1.0 were measured in some experiments. As the last two columns in Table 1 show, the unidentified acid which caused the pH drop was formed by the yeast in glucose-mineral medium even without added sulfur, copper, or iron, although more slowly than when they were added.
Copper precipitation depended upon yeast action on elemental sulfur. In the absence of elemental sulfur, the yeast grew, but no copper was precipitated. In the absence of yeast, the dissolved copper concentration, the dissolved iron concentration (after some inevitable initial precipitation), and the pH remained constant Hydrogen sulfide formation by reduction of elemental sulfur has been reported to be a widespread activity of fungi as well as other microorganisms (8) . Copper sulfide precipitation as a result of sulfate reduction by copper-resistant Saccharomyces ellipsoideus was reported by Naiki in 1957, as cited by Ashida et al. (1) , and was also studied by Ashida et al. (1) . In the experiments by Ashida et al., the copper sulfide was deposited inside the cell wall of the yeasts, but not externally, as demonstrated by sections viewed by electron microscopy. Attempts by us to precipitate copper with H2S produced from sulfate by Rhodotorula have so far failed. Extracellular precipitation of copper sulfide, but not of iron sulfide, as a result of elemental sulfur reduction by yeast in an acidglucose-mineral salts medium has not been reported previously.
Copper sulfide precipitation by yeasts may be important geomicrobiologically. In nature, or in field operations involving copper sulfide leaching, elemental sulfur reduction by yeast could be important in redepositing solubilized copper in reducing zones of some copper sulfide ore bodies and waste dumps. In reducing zones, where, because of a lack of oxygen, bacterial oxidation or autoxidation of copper sulfides cannot occur, ferric iron introduced by waters from the oxidation zone would oxidize the copper sulfides to copper sulfate and sulfur, as was shown by Sullivan (9-11); for example, CuS + 2Fe+4-1--+ Cu-+ SO + 2Fe+ . Thus, if surface waters, percolating into the reducing zone of copper sulfide ore bodies, carried enough organic matter and nitrogen, yeasts in the reducing zone could reprecipitate some of the dissolved copper with H2S they produce by reducing any sulfur there with some of the organic matter.
